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CHANGES IN THE CONCENTRATION OF POTASSIUM, SODIUM AND
“CALCIUM AS THE RESULT OF ENDURANCE EFFORT

E. Preisler and R. Kadza,
Department of Athletic Medicine at the Medical
Academy in Poznan™’

In a previous study we observed changes in the concentration /53%
of electrolytes in the blood serum resulting from relatively
intense endurance efforts (boat rowing over a distance of 200 m
in about 7 min and swimming 400 m in 4.5-5.5 min). The large
increase in the lactic acld concentration during these efforts
(among the rowers, 109.0-150.0 mg# and among the swimmers,
93.6-128.9 mg%) indicates a disturbance in the steady state. The
electrolyte concentrations that were determined under these con-
ditions showed a drop in the potassium concentration among 2/3
of the persons studied during small changes in the sodium and

caleium concentration.

Cur present studies pertain to changes in the same electro-
lytes 1in the blood serum resulting from different types of
efforts. The loads were sustalned endurance efforts during which
the changes in the lactic acld concentration were not large (they
fluetuated in the range 8.6-46.0 mg%). The alkaline reserve
level was reduced to 58~25% of the volume. Hence, it can be
assumed that, unlike under the previous loads, the physical efforts
investigated in this study were made under steady-state

conditlons.

Method

The changes in the cdncentration of potassium, sodium and
calclum in the blood ‘serum- resulting from varitous types of endurance

¥ Numbers in the margin indicate.pagination in the'foreign text,



efforts were studied., Altogether, 122 persons, whose ages ranged
from 14 to 45 years, were examined. The potassium and sodium

were determined with‘thé'aid of a flame photometér and the calcium,
by the Waard method.

The electrolyte studles were a part of the Jolnt physiologi-
cal (respiratory, metabolism, changes in the circulatory system)
and bilochemical studies (carbohydrates, fat and protein changes),
the results of which are presented in other studies [4, 9, 10,
11, 127.

.
=

The loads consisted of three kinds of endurance efforts:
a) B0-min track ™ and field exercises held in special facilities
(alternating gymnasties, moctor games and athletics); b) 1500 m
swimming (in 15-17 min); ¢) professional bus driving on three
routes (340 km/8 hours, 600 km/15 hours and 230 km/12 hours).

The particular number of persons examined after each load
(given in Tables I, IX, and III) will be stated during the des-
cription of the results.

The results were calculated statlstically, taking into ac-
count the :arithmetic mean, the standard deviatlon, the standard

error of the mean and the level of significance.

Results

Potassium

The changes in the potassium concentration after moderately

intense endurance efforts were comparatively small,

The 80-min exercises, during which 75 persons in the
17-26 year age group were examined (36 men and 39 women), caused
a drop in the potassium level in the blcod serum in 43 persons,



an increase in 22
~group of efforts,
tion was detected
a 0.55-1.05 meg/%

persons, and no change in 10 persons. !In this
a greater reductlon in the potassium concentra-
after the athletliec loads (in eight persons,
drop, an average 0.78 meq/% drop, and a slight

increase in three persons).
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Fig. 1. Changes in potassium level in blood

serum as a

result of endurance efforts of

various intensity.
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The changes among the 20 drivers.that were examined, re-

sulting from the work involved 1n driving a bus, were also small

and nonuniform, especlally after a day's work. In seven persons,
a relatively large drop oceurred (on the average 0.60 meq/R)},
whereas the Increases were insignificant (Table 1, Fig. 1).



TABLE I. POTASSIUM CONCENTRATION TN BLQOOD SERUM AFTER VARIOUS
' ENDURANCE EFFQRTS (MEAN VALUES)

' o Potassium in meg/% - , :
!| Type of | wu ul before effort after-effort« e
. effect .% 5 rith-stgndﬁstgnd-Axéth'gggnd1§§gnd'*gg
| ’ n , Ehi ar metlc ] P
: ] uetdic Favia-CLLoOr hhean |devia-derror | BF
o “ Dlhean » [Eion ;u‘ofmearlr’m-. . Jtion |ofmean G
H150¢ m. :
swimming (0 gl 4.5 0.59 0.18 3.68 0,41 012 o+ |
‘ - “l7e] a2 | 032 0.2 4.1 0.28 ol | +
Routine. -- .
.} exercises
| ‘ ‘ t
|Athletics |1t g| 420 0.49 0.15 3,85 0.2t 006 { + |
1 . k
Gymnastics{ 12¢{ 348 | 030 0.9 359 |- 033 009 | —
4 2591 39 035 0.07 3.82 0,35 007 | —
Games Bg| 313 | 03 0.09 3.48 039 ol | —
. 149] 409 036 0.10 416 0.42 onn | —
Driving: o
“310km8 hr| 6| 395 031 013 | 377 0.26 onn | —
i cokm/ishr| sg| 428 | o041 | o014 422 035 012 | —
'y T20kmfizhry 6| 442 | o079 0,32 409 036 | 0ls —_

An intense endurance effort caused a greater drop in the
potassium level in the blood serum; after swimming 1500 m
(11 boys and seven girls in the 14-17 year age group), a /56

0.50-2.02 meq/R /drop occurred in 13 persons, and a 0.16-0.27 meq/%

drop in five persons.

The reduced potassium levels in the blcod serum after the
80-min athletic exercises and the swimming are statistically
significant.

Sodium

The changes in the sodium concentration in the blood plasma
also depended on the intensity of the effort, since they were
noted in particular among drivers after night work (Table IT,
Fig. 2). The changés aftér the 80—miq exercises wére small and
nonuniform (a 6a4.meqklﬁdﬁopuiﬁh32ﬁpersons, an average 6.4 meq/%



drop, an average 7.1 meqg/% lncrease in 27 persons, and no change
in eight persons).

TABLE IT. SQDIUM CONCENTRATION IN BLOOD SERUM AFTER
VARIOUS ENDURANCE EFFORTS (MEAN VALUES)

g K Sodium_in meq/R - "
"1 Type ofl & I'before effort after effort o
| effect é'a ArltI‘HStandv‘Stand-Ar%th* St d-|5t8nd--g5
o H-metic [ard, 1a metic o
9 - jdevia-error ev:La ror | 5
R Z o frean tion mer:t_nlme'.En-.l tion ]ofmear t ,
{1500 m, nog| wal 73 22 | 1oa | s4 16 | — |
| swimming | 7| 17 | 22 | 11 111,5 6.6 25 | —
Routine - ‘
‘ exe‘rcises _ i
Athletlcs 11g| 14 52 1.6 145.1 9.7 29 -
‘Gymnastlcs 12 9| 1424 41 1.2 | 1411 4.5 1.3 —_ \
‘ - {189 14204 6.5 L5 Mg | a1 10 -
Games ‘ 12g| 1406 | 354 i6 1411 5.9 1.7 -
14 ¢ 1432 41 1.1 1404 | 47 1.3 -
zﬁlvin )
340 km:s hrx! 5 o 1402 4.1 1.8 138.2 56 25 -
s00 kmj1shy| 9] 1426 a7 1,2 60,1 7.2 24 -
L 20km/izhr| 8.g 1499 6.4 23 1418 | 73 26 + .
o 7

After the swimming effort, the changes in the sodium concen-
tration were greater -- a drop was detected in 12 persons (the
drop was relatively large in eight persons, with an average
7.9 meq/R drop) and a slight increase in six persons (in one per- /57
sons; the increase was 17.3 meq/& ).

However, the largest deviations occurred among drivers after
night work (230 km/12 hours): in five out of the elght drivers,
the average drop was 14.7 meq/% , an increase was detected in two
drivers (average increase 4.4 meq/&); and in one driver no changes
have been detected. Among the drivers from the remaining routes,
the changes were small (Table II, Fig. 2).
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Fig. 2, Changes in sodium level in blood serum as a
result of endurance efforts of various intensity.

Legend: o Women before effort . Men before effort
e Women after effort - Men after effort
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Caleium

The changes in the calcium concentration in the blood serum
were least characteristic and they were not significantly
correlated with the intensity of the effort. After all efforts
that were investlgated, a slight tendency toward an increase was
detected among 6% persons,{out of 122), a slight decrease was
detected among U47 persons, and no changes among 10 persons.

The average increase among the persons participating in the
80-min exercises was 0.27 meq/%, among the drivers, 0.32 meq/%}
and after the swimming effort, 0.51 meq/%.
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Figs 3. <Changes in calcium level in blood serum as a
result of endurance efforts of various intensity.

Legend: o Women before effort -fj Men before effort
e Women after effort g Men after effort
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: The dropsin the concentration in the same order were,
respectively: 0.33 meq/%, 0.31 meg/% and 0.56 meq/4%.

Discussion

It follows from the studles that were presented that the
effect of sustained endurance efforts on the electrolyte concen-
tration in the blood serum was reflected comparatively markedly
in the changes in the potassium and sodium level, and less
markedly in the caleium concentration.



TABLE EII, CALCIUM CONCENTRATION IN BLOOD SERUM AFTER
VARIOUS ENDURANCE EFFORTS (MEAN VALUES)

T Calcium in meq/% ~— | L
Type. of | ., 5| before effart after effort oy
effort ma:ArighrshandustandnArithhstandﬁtanduﬁgg

: Mmetic Fzd; ard |metic|ard. |ard o0
amean |deviaterror[mean evianerror s
. a0 tion |ofmean tlon mear w
{1500 m, gl an 0,58 Y 422 | 043 0.4
SWimmlng 79 358 0.67 0.25 176 0,37 [IRE] —
Routine
exercises _
Athletit_:s Mgl 481 |19 0,33 T 475 093 0.28 —
JGymnastics|2g| 469 .0 0,22 4,78 .85 025 —
E 57 s 89| 463 0.64 0,13 4,76 .64 013 -
ames 1G] 489 0.94 0.26 4,54 068 019 -
15 0] sS04 0,68 IR 516 0.78 0,20 —
Privings:
Mok hriwe]| s24 0.70 0,22 5.08 0.73 0,23 —
wokm/ DX 0| am 0.54 017 5.02 0,37 017 —
20 km/12 8o s44 070 025 5.64 0.59 0.2l —
After the three types of endurance efforts that were dis- /58

cussed, the potassium concentration was decreased in 64% of the
persons examined, slightly increased in 26% of the persons
examined, and no changes cccurred in 10% of the person examined.
The largest drop in the potassium concentration in the blood
serum occurred after the swimming race (1500 m in 15-17 min) among
all contestants (in 13 persons, a 0.5-2.02 meq/% drop and in

five persons, a 0.16-0.27 meq/% drop). Its level was reduced to
3.12 meg/&. - The drop in the potassium concentration observed
among the swimmers deserves attention, since 1t was also detected
by us after a different type of swimming effort (400 m) in our
previous studies [10].

After the 80-min exercises and after many hours of driving,
the changes were small,

Sustained Intense endurance efforts are generally accompanled
by relatively large water and welght losses, as a result of which



comparatively-largeichangéS‘occur in the electrolyte balance in
the system. One possible factor causing the reduced potassium
level in the muscle cells and itsrgreatér urinary elimination is
the drop in the glucose concentration in the blood serum,which
occurs during physical efforts of this type. Thé reverse
bhenomenon, connected with the passing of the potassium into the
cell, occurs, according to some authors, during increased
adrenaline secretion and the resulting hyperglycemia [2, 6, 14].

. ... i"Studies made on rats [15] have shown that the intracellular
potassium concentration in the muscle drops after a sustalned,
exhausting endurance effort. However, the intracellular sodium
concentration increases only slightly. These studies 1ndicate
that the level of both electrolytes does not undergo considerable
changes 1n the extracellular fluld. The reduced potassium level
in the blood serum after an intense effort should be reflected, in
view of the studies that were made on animals, by its drop in the
muscle ¢ell. This phenomenon is undoubtedly related to changes
in the permeabllity of the ecell membrane occurring in conjunetion
with the polarization, depolarization and repolarization processes.
It is assumed that,as a result of sustained intense muscular
activity, a disturbance occurs in the repolarization process in the
muscle cell (blocking of the return of the potassium ions into
the cell). Keeping in mind the continuous electrolyte exchange
between the intracellular and extracellular flulds, the plasma
and specific tissues, the assumption must be made that the
potassium l1ons whose concentration was reduced in the blood serum
(and in the muscle cell) were used up by other tissues or
eliminated through the kldneys [5]. The studies by Yudillewvich
and de Julian [16] indicate a very vigorous electrolyte exchange
between the heart muscle and otherstissues. In particular, the
study investigated the concentration of potassium, sodium, iodine
and rubidium lons in the blood serum after 1t passed through the
cardiovascular systém. It was found that the pofassium exchanged



with tissue ions was 69% and the sodium 74% in one blood eycle
through the coronary vessels.

It follows from the studilies that were madé on animals that
training increases thé potassium concentration in the muscles.
After exhausting work, its reduction is_gréater in condltloned
muscles than in unconditioned muscles. The potassium and sodium
concentration in the extracellular fluid does not change as a
result of training [15].

The drop in the sodium concentration in the bleood serum
after a sustained, intense endurance effort (an average 7.9 meq/
drop after 1500 m among the swimmers) is greater than after a
speed endurance effort (after 400 m swimming and 2000 m rowing,
the average drop was 1.0 meq/ }. The drop in the potassium was
large after both types of efforts, a fact that was already
emphasized. The drop in the sodium level among drivers after
12 hours of night driving (on the average, 14.7 meq/ ) is striking,
gsince the changes In the level during daytime driving and after
the B80-min exercises are small. Generally, the changes in the
sedium concentration are quickly equalized, as demonstrated by
the studies of the electrolyte exchanges in the coronary vessels
that were mentioned above [16]. Physical conditioning does .-
not cause relatively large changes in the scdium concentration.
Unlike the potassium concentration, its level does not undergo
comparatively large changes as a result of training. Also,
during the large drop in the potassium level in the cell,
immediately after the effort, the sodlum concentration in the cell
increases only slightly [15]. No significant changes have been
detected in the extracellular fluid. They are more pronounced in
the venous blood after endurance efforts.

The changes 1in the calclum concentration in the blood serum
after the endurangé efforts that were discussed did not occur

/59

uniformly, and.they wefe gener‘élly small. The tendency toward an increase

10



that was detected among 53% of the persons examined, primarily
after the 80-min gymnastics exercises or after several hours of
driving among the drivers, deserves a certain amount of attention.
In our previous studies‘[lO] pertaining to speed endurance

efforts (400 m swimming, 2000 m boat rowing), the calcium con-
centrations were reduced in the majority of persons examined.

The increases in the concentration of this electrolyte were
smaller,and they occurred less frequently (predominantly after a

swimming race).

Greater increases in the calcium concentration in the blood
serum were detected in fatigue states after the effort [3]. A
certain amoung of light is shed on the mechanism for the effect of
calceium jons on the actlvity of a muscle cell in relation to a
neurocyte (increased irritability accompanied by a drop in the
concentration and vice versa).by studies made in vitro, which
detected that the mitochondria absorb active calcium ions,
resulting in stepped-up oxidative processes [1, 7]. The capacity
to maintain a high caleium ion concentration in the mitochondria
is high during rest, ang, to.a certain degree, independent of the
ion concentration in the surrounding medium. It 1s difficult to
say to what extent the changes in the calelum concentration in
the blcod serum reflect its level in the cell, since the caleium
balance in the system is very complicated (among other things,
training increases the amount of salts of calcium deposited in
the bones, especially at the muscle insertions, whereas, 1in

contrast, akinesla is accompanied by greater calcium losses).

It can be stated on the basis of the observations that were
made that the deviations in the concentration of the electrolytes
that were investigated are correlated with a number of other
changes: an increase in aminotransferase activity, in particular,
alanine activity in swimmers and drivers after driving in very
brisk traffic [11], increased activity of the respiratory system,

11



& hypotensive reaction of the circulatory system to the endurance

test, with changes in the ECG curve, and other factors [9]. These
changes are correlated with the mechanism of fatigue which occurs

after the exertion.

Conclusions

1. Sustained, very intense endurance efforts have an effect
on the reductlon of the potassium and sodium level in blood plasma.

2, After an endurance effort of moderate intensity, the
changes in the potassium and sodlum concentration are small and

nonuniform.
3. The changes in.the potassium concentration resulting from
a physical effort are greater, under the same physiological

conditions, than those which occur in the sodium in blood plasma.

4, The caleium level in the blood serum tends to increase
after sustained physical efforts.

12
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